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REVIEW OF LANGLEY PROGRAMS CQXCERNED WITH ORIENTATION IN SPACE 

Warren Cillespie, Jr. 

The Langley remarch e f f o r t  on a t t i t u d e  control for space vehicles was 
i n i t i a t e d  in part by general studies of the problem. 
mtching of satellite mission s tab i l iza t ion  requirements with control system 
capabi l i t i es  was investigated. 
cont>ols were indicated t o  be versat i le  and capable of ea r ly  development. 
Control by passive methods should permit increased r e l i ab i l i t y .  
g a v i t a t i o n a l  method of or ientat ion touard earth can be applied t o  satel- 
lites of small mass by use of an erectable s t ructure  technique. 

For example, the 

Radiation-sensing systems employing ac t ive  

The 

Studies are underway on different sensors for provision of a t t i t u d e  
reference, d i f f e ren t  types of controls and on system designs for spec i f ic  
applications. 
l a t ion .  

This leads t o  the des i rab i l i ty  of some form of ground simu- 
Work i n  this area is  i n  progress. 

T h i s  program is briefly ou t l imd  and will be discussed gemrally 
as follows: 

1. Surveys and Comparisons 

2. Requiremnts and Tradeoffs 

3. Control Systems 

4.  Simulation Tests 

5. Space Fl ight  Experiments 
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REVIEW OF LANGLEP PROGRAMS C O N 0  UTH ORIENTATXON IH SPACE 

Warren Gilloapie, Jr. 

INTRODPICTXON 

The Langley research programa concerned with or ientat ion I n  space 

w i l l  be broadly discussed under the f i v e  major areas shown on the first 

slide.  Tb6se areas are: Surveys and Comparisons, Requirements and 

Tradeoffs, Control Sy~ltoms, Simulation Tests, and Space Fl ight  

Experiments. 

to  both satellits and deep apace-probe vehicles, there is a somewhat 

while much of the current work i n  these areas is applicable 

greater emphasis on the former. 

perhaps the more iamnSdiate benefits that nray be derived from satellite 

The probable reason f o r  this is 

exploi ta t ion of specs. 

SURVEYS AND COMPARISONS 

In the first category, the next s l ide  lists two s tudies  that have 

been completed, 

The study of Attitude Control of Earth Satellite Vehicles took 

as an objective the matching of satellite mission s t ab i l i za t ion  

requirements with control system capabili t ies.  The probable missions 

in an advanced satellite program were considered under the following 

categories$ 

1. Space Environment 

2. Astronomy and Astrophysics 

3. Keteorology 

4. Communications 

5. Space Fl ight  Technology 
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Information obtained through the Space Science Board of the 

Flational Academy of Sciences was very helpful  i n  these consider+ons. 

The possible s tab i l iza t ion  methods were considered under these 

headings : 

1. 

20 

3. 

5. 

Spin s t ab i l i za t ion  

Cravitatioaal4entrifugal-Force Gradient Method 

Earth horizon scan, area scan 

Sun, Star-Tracking Methods 

Other systems u t i l i z i n g  ionizat ion or microphone devices, 

monitored inertial  references and a eombined horizon-scan 

and gravi ty  system. 

Lkile the  requirements i n  some cases could not be accurately defined 

it was seen that they ran the gamut. 

need only be known o r  the vehicle de-spun o r  slowed as i n  the case of an 

i n i t i a l l y  spinning vehicle. 

may well warrant a more sophisticated control system be used. 

s t r ingent  i s  the pointing of a la rge  telescope operating near i t s  l i m i t  

of resolution which for a 20-inch telescope would require  a pointing 

accuracy of about 0.10 second of arc,  

the case o f  star-tracking by the stellar motions and by the aberrat ion 

of l i g h t  +hat w i l l  introduce continuous tracking maneuvers of about 

2 5 seconds of arc per o r b i t a l  revolution, 

f i n e  control systems must be developed. 

analysis  and experimentation f o r  accomplishment, 

I n  many cases the  pointing d i rec t ion  

The additional time f o r  data workup, however, 

Most 

This i s  made more d i f f i c u l t  i n  

Thus, very coarse to very 

This w i l l  require much detai led 

The currently-used, open-loop method of spin s t ab i l i za t ion  is well 

A someuhat d i f fe ren t  approach is i l l u s t r a t e d  by the next slide. known. 
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Here the spin axis has been oriented to be xmlrmal to the plane of the 

orbit. To nmintain this relationship either an exactly polar: or an 

exactly equaterial o r b i t  is selected. A horizon sensor provides ear th  

attitude reference, a l t i t u d e  information and triggers a weather or 

spnce eye for viewing toward or  away from the center of the earth. 

Additional controls wald be provided to maintain a desire3 spin rats 

againstmagxmtic damping and other perturbations. The configuration 

need not be restricted to a cylinaer as shown but could also be a high 

fineness r a t i o  body rotat ing about its axis of greatest inertia.  

The rrert s l ide  shows two  launching schemes f o r  d l  erectable 

satellites stabilized by the gravitational mthod, such an erection 

technique i n  the case of a vehicle with a nuclear power SoUrcB could 

reduce the radiat ion bazard and weight of shielding required. On the left  

the vehicle is i n i t i a l l y  spinning at injection, 

for one-quarter or three.quarters of a revolution, depending upon the 

It is peml t t ed  to spin 

final orientat ion desired, and is then desgun and erected. 

r ight,  the launching vehicle performs a pitch-doun manenxver as In  the 

On the 

case of the Air Force satellite, 

avoid M i n g  and overuorking of a damplag control system, An error 

i n  pitching rate of 2 milliradians per second for a %)-Bile orbit 

would initiate a game of "Sputnik Roulette" 

or 

rotation, 

degrees should occur f o r  a l l  a l t i tudes  of injection, 

which t h i s  gravity s tab i l iza t ion  can be used depends upon the 

s tab i l iz ing  moment that can be developed to overcomb envilomntal 

disturbances, 

This maneuver must be very preciae t o  

which either the right 

orientat ion would eventually conm up after dampix of the 

For the method on the left, i n i t i a l  amplitudes of about 35 

The a l t i t u d e  to 

The moment, of course, weakens very quickly With 
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increasing altitude. The next s l i d e  shows the  effect of a s l i g h t l y  
c 

eccentric o r b i t  of e = 0.005 on or ien ta t ion  with in j ec t ion  a t  500 

miles and pitching rate equal to the c i r cu la r  o r b i t a l  rate a t  this 

altitude. 

revolution with no damping. 

maximurc e r r o r  increases l i nea r ly  with the  o r b i t  eccent r ic i ty  and is not 

The d i g i t a l  computer solut ion is shown f o r  the  first 

Additional computations show t h a t  the 

appreciably greater  f o r  succeeding revoluticns around the earth,  

off please,) 

(Slide 

Also considered were many in te res t ing  var ia t ions of earth-horizon 

and area scan methods which derive a t t i t ude  reference from electromagnetic 

o r  c o ~ m i c  rays. 

h a l m e t e r  operating i n  the f a r  infrared i s  most feas ib le  f o r  continuous 

In part icular ,  the horizon scan method using a thermistor 

night and daytime operation, and i n  fact, two such scannix u n i t s  are 

cmmerci.al.ly available,  with sccuracy of a t t i t ude  determination estimated 

t c  be close to 1 rtegTee, 

conditions of va-yiig Rl.titude and In tens i ty  of radiation. 

Such scsnner un i t s  are designed t o  work under 

*or t h i s  

type of s tab i l iza t lon ,  controls can be desfgned t o  Candle any magnitude 

of perturbation anticjpated a t  in jec t ion  or later.  Usable lifetime for 

the system should be a t  least several months. If be t t e r  accuracy is  

reqrired, a photoelectric-type sensing u n i t  could be used t o  supplement 

the bolorrieter for fill daylight viewing o f  the earth. 

Tracking the sun is much easler ,  since there  i s  e s sen t i a l ly  no 

distance var ia t ion and the sun can be considered as a point source of 

l ight .  

s l i d e  , 

The sun can also be vlewed continuously a s  shown by the next 
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Circular o rb i t s  between 200 CLnd 4jOC miles a l t i t ude  and corresponding 

incl inat ions between 83' and 26' can be selected f o r  steady viewing, 

method of a t t i t ude  sensing used by the University of Colomdo in a 

balloon f l i g h t  appears very good w i t h  a maximum pointing accuracy of 

about 5 seconds a&Aeved during the f l ight .  

of two se%s of coarse and fine sensors. 

d i sc  but i n  addition the f ine  semsor has an objective focusing lens. 

a t t i t ude  signal i s  shown in the next slide. 

simultaneously w i t h  the gain set higher for the fine sensors. A wide 

angle of capture is asswed by the coarse sensors snd fine control by 

t h e  second set of sensom, 

McDonnell i n  the n.Solarscopen proposal along w i t h  provision for th%d=axis 

control by star-tracking North and South-Ecliptic stars. 

The 

The a t t i t ude  sensing consfats 

Both sets use a l ight-diffusing 

The 

Both sets of sensors work 

This system, I believe, uas proposed by 

(ai& off) 

Jith rega-d t o  star-tracking, appmpriate o-bits can also be 

selected In nost cases t o  permit contimcus tracking, 

of a par+.icflar star nay be d i f f i c u l t  sicce there a re  so many, 

capabi l l tp  of a loca l  region of the celestial sphere may be requimd u i th  

automatic procramming and map-matching schemes used, 

contyol is highly desirable fo r  a mow flexible program with viewing a t  

LP ground stat ion,  

"Cat-Eye" television system using an RCA image orthican tube for visual 

presentation, a storage integrator to  see a very f a i n t  objective and a 

t h € d  device foT detectjng R moving object, these pmgranm m e m  appldcable 

to the Asttonomical mission. 

The acquisit ion 

A survey 

Ground command 

Programs underway by the A i r  Force, notably the 

Finally, i n  t h i s  first study, the momentum, torque and power of 

various angular maneuvers we- calculatxd. These included maneuvers a t  
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injection, those of an intermit tent  or recurring nature and those of a 

steady nature. The in i t ia l  t ransient  maneuver was used as a basis f o r  

estimating weight and power required by flywheel control u n i t s  fo r  

s a t e l l i t e s  ranging i n  s ize  up t o  3000 lb .  f o r  d i f f e ren t  s t ab i l i za t ion  

methods. 

t h i s  baeis, 

s l i gh t ly  better than the horizon-scan method but i n  e i the r  case the control 

rystern ueight appeared t o  be less than 50 lb. and power less than 100 watts. 

Referring again t o  s l i de  number two (may we have s l ide  2 again please),  

The spin and gravi ty  systems with no damping were optimum on 

A t  3000 lbs. the gravi ty  method with ac t ive  damping appeared 

the second study was based on a r e l a t ive ly  seveye angular tracking 

maneuver of a satellite. A vehicle of 30GO lb. was assumed t o  be 

traveling i n  a 30G-mile c i rcu lar  orbi t .  

of tracking with zero e r ro r  a point on the ea r th ' s  surface during the 

time t h i s  point was d i r ec t ly  visible.  

peroxide, flywheel control and a bar magnet control, in teract ing with 

the ear th 's  mpnet ic  f i e l d  were the  types considered, 

magnetic contisol requires by far the most weight and i s  r e s t r i c t ed  i n  

use by large var ia t iocs  of the magnetic f i e l d  along cer ta in  orbi ts .  

By i tself ,  the bar magnet does not warrant fur ther  consideration. As 

between the j e t  and flywheel controls, the j e t  would be preferred f o r  

a limited number of cycles. 

severity of the  maneuver and considerations such as the  r e l a t ive  size 

of flywheel t o  vehicle and power aource f o r  the flywheel. 

un i t  f o r  one ax i s  of ro ta t ion  can weigh less than 1 percent of the 

satellite weight. 

The angular maneuver consisted 

Jet  control with hydrogen 

This la t ter  

The cross-over point w i l l  depend on the 

A oontrol 

t 
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REQU14GNENT3 AND THAiIZGFFS 

From these initial studies it i s  clear t h a t  a space or ientat ion 

program should be broad enough t o  include considerations of trade-offs 

as between the control system and other systems of the space vehicle and 

including its launching vehicle as w e l l  as a continuing e f f o r t  t o  match 

control system performance and r e l i a b i l i t y  with mission requirements. 

Some investigation i n  this direct ion has taken place a t  Langley. 

In  particular, we note a solar-pouer study was recently completed, 

This showed the des i rab i l i ty  of a liquid-vapor cycle using a 

solar-orZented col lector  f o r  pouw l eve ls  of 4 ku o r  greater. 

A large e f f o r t  is presently underday a t  Langley on a 100-foot 

diameter spherical re lay  that is of course not oriented but has the 

problen of despinning pr ior  t o  erection. 

that about 8 or  10 of these re lays  can be used i n  10oO mile polar o r b i t s  

t o  es tab l i sh  communications between the United States and hrope. The 

next s l i de  shows a passive-type relay that is  under preliminary study. 

The re f lec t ing  surface is a spherical segment of a very large sphere 

tha t  as a complete spbere would not be pract ical  t o  build. 

is to  optjmize the satellite by minimizing communication power at the 

ground stations,  mnnber of satellites, size, weight and pointing accuracy 

of the orientat ion control system for an indef in i te  lifetime of operation. 

E i t h e r  the gravity or horizon-scan s tab i l iza t ion  method could be employed 

o r  both together. 

configuration w i l l  block t h e  view. 

Studies by o a r s  h a w e  shown 

The problem 

For some modes of scanning w i t h  a horizon system, the 
(1 

A sui table  scanning mode must be 

selected t o  avoid t h i s ,  An in f la tab le  honeycomb structure  of aluminum- 

mylar appears able t o  provide the necessary stiffness t o  maintain shape 

of t h i s  configuration, 
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I n  the next s l ide  i s  shoun an arrangement f o r  a solar- and earth- 

oriented satellite that i s  under investigation. 

collector and internal  power system are solar  oriented. 

power system using a turbine it i s  desirable to point this un i t  toward 

the sun rather  than the ear th  t o  minhdze precessing the turbine axis by 

the control system. 

of the collector, the view w i l l  a t  times be blocked by the collector. 

The vehicle can be rol led about the s o l a r d i r e c t i o n  a t  such times. An 

al ternate  arrangement i s  t o  use two earth-seeking u n i t s  working as a 

pair to avoid blocking of the view. 

CONTROL SYSTDIS 

A parabolic solar-energy 

For a 

For an earth-oriented payload located near the rim 

(Slide off please) 

Now let us take a closer look a t  control programs. As shoun by the 

next s l ide  on the l e f t  hand spide, ( s l i de  U), the work covers diZferent 

types of Stabi l izat ion methods, a t t i t ude  sen8ors, controls and s y s t e m  

analysis and on the r igh t  side extends in to  simulation tests of a t t i t ude  

sensing units, controls and complete systems and l a s t l y ,  space f l i g h t  

experiments using ver t ica l  rocket probes and satellites. 

Considering first the work wherein the main approach i s  analyt ical ,  

i n  the area of spin s tab i l iza t ion  a theoret ical  study of angular motions 

of a spinning body has been completed. The purpose of t h i s  study was t o  

obtain simple analyt ical  expressions which describe the angular motions 

of a spin-stabilized body i n  space, both during application of a body-fixed 

perturbing moment and subsequent t o  termination of the moment. 

assumed a constant spin rate and s m a l l  angles with roll rate about a apace 

axis  taken equal t o  roll about the body axis. Expressions f o r  the motions 

were obtained and found t o  be i n  good agreement with d i g i t a l  solutions 

of Euler's dynamical equations. 

. 
The analysis 

r 
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Also i n  t h i s  area of spin s tabi l izat ion,  the  magnetic e f f ec t s  of 

the ear th ' s  f i e l d  on a spinning body are being considered, 

fo r  the  precessional e f f ec t  uhen the f i e l d  is inclined t o  the spin axis 

has been derived for  the case of an electrically-conducting cyliader, 

calculation indicates that the t im for the  spin ax is  of a satellite to  

precess, say 10 degrees, i n  the direct ion of the f i e l d  is f a i r l y  long, of 

the order of several months, 

An expression 

A 

For those satellite missions wherein an orientation toward the  center 

of the ear th  may be required, a program i s  being considered to  invest igate  

a t t i t ude  sensors. 

look through the atmospheric window a t  about l2 miccons. 

measurements a t  satellite a l t i t ude  a re  needed t o  show feasibility of this 

approach, The more complicated ~y)thod of horizon detection by the earth- 

space radiat ion discontinuity i s  capable of better resolutbn, 

case it i s  the horizon of the troposphere that is detected, 

solar interference, radiation below several microns is f i l t e r e d  out, 

There are several ways t h a t  a scanner can be designed to  do t h i s  job, 

Si ther  one, t u 0  o r  several infrared radiation sensors and several possible 

modes of scanning act ion might be used, The scanner uni t  i s  mechanically 

simple for a s ingle  sensor but the associated electronics  circuits needed 

t o  process the  signal become more complex. The s t a b i l i t y  of the electrical 

c i r c u i t  becomes an important consideration. A scanning act ion suitable to 

one satellite configuration may be unsuited t o  another which may partially 

block the  f i e l d  of view and reduce acquisition capability. The signal-to- 

noise r a t i o  required f o r  acceptable resolution is a fac tor  of uncertainty 

and needs t o  be established by simulation and f l i g h t  testing, Optics are 

required for  a thermistor bolometer u n i t  t o  concentrate radiat ion on 

the thermistor flake and t o  permit a narrou beam uidth of about 1 degv-ee 

For coarse sensing it appears possible and simpler t o  

Radiation 

In this 

To avoid 
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for  sat isfactory resolution. 

in to  the prmissable  scanning rate and the  beam width required fo r  

suff ic ient  in tens i ty  of radiation. 

detector over a photoconductor type are constant s e n r i t i v i t y  over the 

wavelength spectrum and the f a c t  t h a t  cooling is  not required. 

a golddoped germanium photoconductor may also be competitive for  missions 

of short  duration. 

when operated a t  l i qu id  nitrogen temperature. 

The response time and s i z e  of the f lake en te r  

The advantages of the thermistor 

However, 

It  i s  reported t o  be very sens i t ive  out t o  10 microns 

Several s tudies  on i n e r t i a l  r o a c t i m  controls are being considered. 

One is an analog study t o  define the effects of servo-motor characteristics 

on a fl-ywheel response t o  i n i t i a l  error .  This i s  i n i t i a l l y  a one-degree of 

freedom study with no damping. 

w i l l  be described and considered as the major variable. 

P 

The charac te r i s t ics  of avai lable  motors 

In  another study the t ransfer  functSona f o r  several types of i n e r t i a l  

controls are being determined as a first s t ep  i n  analysis of a control 

system f o r  ear th  or solar  orientation. The various types are a s ingle  

gyro, two gyros,  twin gyros and flywheels. The most c r i t i c a l  condition f o r  

the single gyro is the condition of res idual  angular momentum of the  

s a t e l l i t e ,  

become large so t h a t  the direct ions of gyro control w i l l  be incorrect. 

However, i f  the residual angular momentum is  closely zero, the single 

gyro csn control two degrees of freedom a t  very l i t t l e  weight and a t  very 

low gyro  ro ta t iona l  speed, 

star-tracking. 

provide control wlth l i t t l e  cross coupling and p e r m i t  s m a l l  residual 

angular momentum. 

produce a s ingle  torque reaction on the vehicle results i n  no cross coupling 

a t  small angles. 

Relative angular displacements between gyro and body w i l l  

This control may be better sui ted t o  

The two-,nyl.o control with single-degree gimbals should 

The twin gyro control with contra-rotating wheels t o  

A disadvantage is  t h a t  the twin gyros should r o t a h  
- ____ ~~ 

~ 

c 

L 
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speed but they are not mechanically connected. a t  the 

controls the gpro speed can be varied as needed but t h i s  introduces 

additional complexity. 

i n  t h e i r  s h p l i c i t y .  

flywheels and the w h e e l s  aay attain their l i m i t i n g  speed i n  absorbing 

residual angular momentum. 

uhere constant torque would be needed to precess any residual angular 

momentum vector that is not perpendicular t o  the plane of the orbit ,  

Clearly soma additional means must be provided to removeanp residual 

angular momentum and t o  unload the gym or  flywheel controls. 

For those gyro 

The principal advantage of flywheel controls is 

However, a large cross-coupling can occur between tihe 

This is  particularly t rue  for ear th orientation 

The problem of how t o  compensate to improve the  control systam 

response t o  command inputs while simultaneously accounting for disturbances 

or noise tha t  may appear elsewhere i n  the system is being investigated 

by analytical and analog mthods. Several compensation technlquaa are 

being formulated, One such technique uould include a dynamic analogue 

of w h a t  the actual systsm should be doing. This uould be compared with 

w h a t  the  s y s t e m  is doing. The difference between the two is then made, 

the input to the compensation unit which must provide a "Make Upn input 

to the basic control system, 

control system. 

This in effect is a simple farap of adaptive 

SIblULATIGN 

Several current simulation tests w i l l  next be described. 

is being designed f o r  tes t ing the response of a horizon scan unit. 

the response depends on the nee exchange of radiation to and froa the 

thermistor f lake and the thermistor has constant sens i t iv i ty  w i t h  

different wavelength, the simulation of the horizon can be aade by 

Apparatus 

Since 
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provision of a "hot jumpt1 discontinuity r a the r  than a cold jump i n  which 

the 4' Kelvin temperature of space should be approximated. 

a small black body cavity uni t  as radiat ion source i s  expected.to clarify 

t h i s  point. 

Experience with 

Work is progressing on f r i c t ion le s s  suspension systems using electro-  

magnetic suspension and a i r  bearings t o  achieve 1 and j-degrees of freedom. 

A l a rge  hemispherical a i r  bearing has been completed f o r  full-scale 

inertial simulation tests of the Mercury capsule. 

Simple methods f o r  despinning a satellite are under investigation. 

In i t i a l ly ,  the 3ethod of unwinding and releasing small weights a s  proposed 

by JPL and t r i e d  on a Lunar prcbe w i l l  be simulated i n  a vacuum chamber. 

Apparatus is being made f o r  t h i s  purpose. 

recall, uorks independently of the  i n i t i a l  spin rate as long as the  

proper re la t ion  i s  held between the  v e h i c b  imr t ia ,  circumference, 

mass of the small weights and length of unwinding cable. 

This method, as you my 

The ef fec ts  of a magnetic f i e l d  on spinning bodies i s  being explored. 

The purpose of t h i s  investigation is really twofold. 

t o  simulate a spinning satell i te acted upon by the  magnetic f i e l d  of the 

earth,  t o  observe the damping of the  spin and precession of the spin axis. 

Second, the poss ib i l i ty  of WiLoading" a flywheel control by d i r ec t ly  

u t i l i z ing  the ea r th ' s  magnetic f i e l d  i s  a l so  a consideration. Simple 

model support and spin-up apparatus have been set up inside a bell jar 

which i s  i tself  enclosed by a cyl indrical  electro-megnetic co i l ,  

reason for %his co i l  i s  t o  provide a s igni f icant  magnetic damping 

e f f ec t  in a relat ively short  time and t o  permit the use of ball bearings 

f o r  support of the model spin axis, 

p e d t  as good a simulation as we would l i k e  f o r  the  satellite case since 

F i r s t  it is  desired 

The 

Admittedly these bearings do not 

c 

P 
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much higher i n i t i a l  spin rates a m  also required. 

a larger interact ion of the induced and principal magnetic f i e l d s  which the 

simple theories neglect. 

d i f fe ren t  fhnsss r a t i o  w a l l  tbickmss and electrically-conductiag 

material. 

a t  lower f i e l d  strength. 

Thus there i s  expected 

Runs are being made w i t h  cyl indrical  models of 

sball air benrings have bwn designed t o  permit longer runs 

Tbe -c beharior of f lex ib le  rotat ing s t ructures  i s  under 

investigation. This is ow) of several techniques being explored t o  

erect large apace structures,  T h i s  project involves a study of the 

f e a s i b i l i t y  of using the csntrif@al forces produced @ ro ta t ion  t o  

give shape and r i g i d i t y  t o  f l e d b l o ,  fabric-like structures. 

Zxperimental and analytical investigations have been conducted on two 

basic configurations; 8 f l a t  disk and a paraboloid with a conical covering. 

%Ch S h p S  h 8 p W  aaight 60- 88 Optic& and/- radar mflector6, rrdio 

or radar antennas, or  heat and l i g h t  collectors. 
I 

Experiments with 3- diameter models i n  a vacuum chamber have shoun 

that not only are the centrifugal forces suf f ic ien t  t o  sustain tbe required 

shapes, but that the small distortions,  produced by gyroscopic forces 

when the direct ion of the axis of rotat ion is changed, quickly tend to 

damp out. 

a b i l i t y  to cwient the axis is a priBb mqu5site for earth or 8un seek- 

davices,q) A mockup of a comb5nation flywheel and bar magnet control system 

This last result is an extremely irrpwtant o m  inasmuch as tbs 

has been =de. 

support. 

The system is floated i n  a Water tank for nfr ic t ior i lessN 

A purpose of the dual control is to  permit "unloadin@' of th 

flyuheel a t  saturat ion speed by the bar magnet control uhich react8 against 

the ear th 's  magnetic f ie ld .  The flywheel control loop is considered to be 

the primary c i r c u i t  w h i c h  normally supplies 75 percent of the total control 
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moment. 

gyro.  

c e l l s  and t o  t r y  f o r  a control accuracy of 1 second of arc. 

t h i s  resolution accuracy, measurements of the flywheel motion w i l l  be made 

and adjusted by the known inertia r a t i o  of f l p h e e l  t o  platform. 

analysis  of the system is  a l so  being made. 

is proving t o  be a very rapid method of investigation. 

The a t t i t ude  e r ro r  s ignal  i s  presently derived from a C-2 compass 

It is planned t o  replace t h i s  by a l i g h t  source and photoelectric 

To determine 

Some 

Hcwever, the simulator approach 

A study of a man maneuvering i n  space is underway. 

The purpose of this invest igat ion is  t o  study how a man can motivate 

between two points i n  space using j e t  thrust .  

constructed t h a t  permits f r i c t i o n l e s s  motion with one l i n e a r  degree of 

freedomand one angular degree of freedom. 

cable, jS f e e t  below a wheel t h a t  runs on a rail. 

angular deviation from the plumb bob di rec t ion  is detected by an 

operator who controls t h e  motion of the wheel t o  maintain plumb 

alinement of the cable. 

about 9 pounds, maximum thrust. 

t r ied.  

held. 

misalignment. 

engineers and after some experience even engineers became conditioned, 

The second r i g  consisted of 2 air  jets, o m  f r o n t  and one a f t  t h a t  were 

strapped onto the man. Foreward motion was obtained by pushing forward 

on a lever and visa  versa. 

by a linkage t o  the man's helmet, 

h i s  head turned, both j e t s  a re  then act ivated t o  produce a couple. 

t h i s  setup yaw control was improved. 

f o r  y a w  control. 

k simulator has been 

A man is  suspended by a 

Any fore  o r  a f t  

The "space mant1 is  provided with a i r  j e t s  of 

Two control arrangements have been 

F i r s t  the man was seated on a swing and given air  j e t s  which he 

With t h i s  setup a major problem was t o  control spin due t o  t h r u s t  

I n  t h i s  r ig ,  experienced p i l o t s  performed better than 

To produco a torque, the je ts  are swiveled 

By squeezing the control s t i ck  with 

With 

Hand-held weights were a l so  t r i e d  

The tests have s m o d  very well t o  show the  maneuver 

c 

- ,  

L 
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problem, 

1, Reaction control apparatus 

2. Rotation using head control 

3, 

4,  Traverse using Head Control 

5 ,  

Rotation using inertia w h e e l  effect 

Traverse using variation of C, G, control 

A short  movie w i l l  now be ahown,) 

SPACE FLIGHT MPSUMENTS 

We u i l l  conclude this presentation with brief remarks on space 

fl ight experimsnts. 

Aluminum4lrlar sphere uas successfully ejected and inflated a t  an 

a l t i t ude  of 77 d e s  from a spin-shbi l ized 2-8- rocket vehicle. 

With regard to  ve r t i ca l  probes, a 12-foot dislabter 

'phi8 

nas i n  preparation for a satellite launching, 

The s p i n v p  of a spinning rocket motor during the burning procsss 

due t o  internal  su i r l ing  of exhaust gases has been mbasured from f l i g h t  

tests of two 10-inch spherical rocket motors, 

spin rate was determibed, 

u i l l  be used t o  extend these results t o  larger motors of similar shape. 

A 20 percent increase 5.n 

A theoretical  method of computing "spin-up" 

A b a l l i s t i c  probe is being developed for the purpose of tes t ing  

several radiation-sensing devices with a View toward providing a 

sui table  a t t i t ude  control signal representative of the earth horizon m 

edge i n  re la t ion  t o  the sky background. * 
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